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(57) ABSTRACT

A display refresh system, method and computer program
product are provided. In use, at least one aspect of a display of
content 1s 1identified by monitoring commands. Based on such
identified aspect(s), a refresh rate of a display utilized for the
display of the content may be adjusted.

19 Claims, 5 Drawing Sheets

160

102

2

IDENTIFYING AT LEAST

e

ONE ASPECT OF A
DISPLAY OF CONTENT BY

MONITORING COMMANDS
. R -

104
¥ C>
ADJUSTING A REFRESH
RATE OF A DISPLAY
UTILIZED FOR THE
HSPLAY OF THE

L CONTENT, BASED ON THE
IWDENTIFICATION




U.S. Patent Feb. 18, 2014 Sheet 1 of 5 US 8,654,132 B2




U.S. Patent Feb. 18, 2014 Sheet 2 of 5 US 8,654,132 B2

200

GRAPHICS

MEMORY

GRAPHICS
PROCESSOR

GRAPHICS

PROCESSOR

$
$
{
:
$
$
$
$
{

CPU
COMMANDS (210)

U N

2YaTEM

FIGURE 2



U.S. Patent

TN DISPLAY THAT WARRANTS

TN _BTILL WARRANTED?

Feb. 18, 2014 Sheet 3 of 5

DEFAULT REFRESH
RATE (RR)

" IDENTIFY .
" AT LEAST ONE ASPECT OF

~. LOWERRR? .~

DISPLAY USING LOWER |~ 200

REFRESH RATE

308

LOWER RR

FIGURE 3

US 8,654,132 B2

g 300



U.S. Patent Feb. 18, 2014 Sheet 4 of 5 US 8,654,132 B2

g 400

402
RECEIVE FRAME -

<04

~ DIFFERENCE W.RT. ™

" NO
PREVIOUS?

YES |

o 400
REFRESH AND DISPLAY -

FRAME

FIGURE 4



U.S. Patent

. .
. .

. .

.

. .
. .

.

I. I‘.I
. .
" r B
" r B
. L]
. r
= r
. r

r
r
L
r

Feb. 18, 2014 Sheet S of 5

MAIN
MEMORY

504

\ SECONDARY |
Y STORAGE |

GRAPHICS
PROCESSOR

DISPLAY

SU0

501

06

508

FIGURE 5

US 8,654,132 B2



US 8,654,132 B2

1

SYSTEM, METHOD AND COMPUTER
PROGRAM PRODUCT FOR ADJUSTING A

REFRESH RATE OF A DISPLAY

RELATE APPLICATION(S) D

The present application 1s a continuation of U.S. applica-
tion Ser. No. 11/610,420, filed Dec. 13, 2006, which 1s 1ncor-

porated herein by reference 1n its entirety. "

FIELD OF THE INVENTION

The present invention relates to display systems, and more

particularly to techmiques for refreshing displays. s

BACKGROUND

A display refresh rate refers to the number of times an
image 1s re-displayed, or “refreshed” on a display 1n a given
amount of time. A refresh rate 1s typically expressed 1n hertz
(Hz), thus a refresh rate of 75 means the image 1s refreshed 75
times 1n a second, and so on. Traditionally, users have been
able to change the refresh rate of a display using a display
properties user interface 1n association with a display adapter,
etc.

To date, the range of refresh rates that may be selected by
the user has been limited based on properties of the display
itself. For example, certain displays such as liquid crystal
displays (LCDs) can only display an image with a given
intensity for a predetermined amount of time. This character-
1stic 1s often referred to display “persistence.” Typically, how-
ever, refresh rates are set to be at least 60 Hz, 75 Hz or higher
to avoid flickering, etc.

Unfortunately, each time a display must be refreshed, addi-

tional power 1s required. There 1s thus a need for overcoming,
these and/or other problems associated with the prior art.

20

25

30

35

SUMMARY
40
A display refresh system, method and computer program
product are Provided. In use, at least one aspect of a display of
content 1s identified by monitoring commands. Based on such
identified aspect(s), a refresh rate of a display utilized for the

display of the content may be adjusted. 45

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a method for adjusting a refresh rate of a
display, 1n accordance with one embodiment.

FIG. 2 shows a system for identifying at least one aspect of
the display of content for display retfresh rate adjustment, in
accordance with another embodiment.

FI1G. 3 shows a method for display refresh rate adjustment,
in accordance with another embodiment.

FI1G. 4 shows a method for skipping the display of images,
in accordance with yet another embodiment.

FI1G. 5 1llustrates an exemplary system 1n which the various
functionality of the previous figures may be implemented, 1n
accordance with one embodiment.
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DESCRIPTION

FIG. 1 shows a method 100 for adjusting a refresh rate of a
display, 1n accordance with one embodiment. As shown 1 65
operation 102, at least one aspect of a display of content 1s
identified by monitoring commands. It should be noted that,

2

in the context of the present description, the term content may
refer to any data, at any point of processing, that results in the
display of the same.

Further, such commands may include any communication
that 1s at least potentially capable of affecting the aforemen-
tioned aspect(s). As will become apparent, the commands
may include any communication associated with a graphics
processor, a central processing unit (CPU), etc. For that mat-
ter, the commands may be associated with any system com-
ponent capable of mitiating such communication. For
example, 1n different embodiments, the various techniques
disclosed herein may be applied in the context of any panel
driver.

To this end, a refresh rate of a display utilized for the
display of the content may be adjusted, based on the 1denti-
fication. See operation 104. In various embodiments, the dis-
play may include a liquid crystal display (LCD), digital light
processing (DLP) display, liquid crystal on silicon (LCOS)
display, plasma display, or any other display capable of
reiresh rate adjustment, for that matter.

Just by way of example, 1n one embodiment, the aspect(s)
may relate to the content 1tself. For example, the aspect may
include any difference between a first image of the content
and a second 1mage of the content. As an option, the second
image may be an image that immediately follows the first
image.

Various exemplary techniques for carrying out such i1den-
tification by monitoring commands will be set forth in greater
detail during reference to FIG. 2 and further embodiments. Of
course, such difference may be 1identified 1n any desired man-
ner that results 1n the 1dentification thereot. Just by way of
example, the identification of such difference may or may not
be carried out on a pixel-by-pixel basis.

In one embodiment, the refresh rate of the display may be
adjusted if the difference 1s less than a predetermined amount
(e.g. a predetermined threshold, no difference, etc.). While
embodiments are contemplated where the refresh rate may be
adjusted to a higher rate, the refresh rate of the display may, 1n
various embodiments, be adjusted to a lower frequency. Such
feature may render power savings, since each refresh requires
additional power by the display, power-consuming process-
ing by a graphics processor, I/O-related power, etc. In still
other embodiments, a horizontal blanking period (which 1s
not typically displayed) may be augmented. Such increase
may result in power savings on the part of the graphics pro-
cessor and/or display.

In one embodiment, the lower frequency may be selected
as a function of various constraints associated with the dis-
play. Just by way of example, the lower frequency may be
selected as a function of a persistence of the display. Such
persistence refers a length of time a display 1s capable of
displaying an image with a given intensity. As such persis-
tence 1s increased for a particular display, the refresh rate may
be lowered to a greater extent, thus saving additional power,
etc. As an option, a range of available display clock frequen-
cies may be identified, so that a minimum clock frequency
(within such range) may be selected (since such minimum
clock frequency 1s typically representative of a persistence of
the display).

In still additional embodiments, the refresh rate may be
adjusted dynamaically over time based on changes in one or
more aspects. More information regarding such an exemplary
embodiment will be set forth during the description of FI1G. 3.
Of course, embodiments 1mvolving more static adjustment
based on the foregoing aspect(s) are also contemplated.

In other embodiments, additional parameters, etc. (which
may or may not necessarily be related to the display of con-
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tent), may be used to govern any adjustment in the refresh
rate. Non-exhaustive examples of such parameters, etc. may
include, but are not limited to a level of battery power, exist-
ence of alternating current power, etc. Strictly as an option, a

policy may be used to conditionally allow the adjustment of 5

refresh rate as a function of such additional parameters, etc.

In even still other embodiments, one or more external
aspects may be identified for further adjusting the refresh rate.
For example, such aspect(s) may include a level of ambient
light 1n an environment of the display. Such ambient light
may, for example, be 1dentified utilizing a sensor (which may
or may not have another purpose), a camera, etc. Specifically,
upon ambient light dropping to a predetermined level, the
refresh rate may also be lowered accordingly.

Thus, 1n various embodiments, a refresh rate of a display
may be adjusted as a function of any desired aspect of the
display of content, etc. In some embodiments, such refresh
rate may be lowered for power saving purposes. Further, such
lowering of the refresh rate may be effected at a time when
such would not (to at least a partial extent) degrade a user’s
viewing experience. For example, when a difference between
images 1s minimal, reduction of the refresh rate 1s less likely
to be noticeable to the user but, at the same time, offer power
savings. Of course, 1n various embodiments, any one or more
aspects of the content display may be 1dentified for adjusting
a display refresh rate, for any desired purpose.

More 1llustrative information will now be set forth regard-
ing various optional architectures and uses of different
embodiments 1n which the foregoing method 100 may or may
not be implemented, per the desires of the user. It should be
strongly noted that the following information 1s set forth for
illustrative purposes and should not be construed as limiting
in any manner. Any of the following features may be option-
ally incorporated with or without the exclusion of other fea-
tures described.

FIG. 2 shows a system 200 for identitying at least one
aspect of the display of content for display refresh rate adjust-
ment, 1n accordance with another embodiment. As an option,
the system 200 may be used 1n the context of the method 100
of FIG. 1. Of course, however, the system 200 may be used 1n
any desired environment. Again, the atorementioned defini-
tions may equally apply to the description below.

As mentioned earlier, one possible aspect that may be
identified (see operation 102 of FIG. 1, etc.) may include a
difference among i1mages being displayed. Such difference
may, in the present embodiment, be identified by monitoring
various commands associated with a CPU/system 206, a
graphics processor 204, and graphics memory 202 (e.g. frame
butler, etc.). Specifically, such difference may be i1dentified
by monitoring commands that are at least potentially capable
of resulting 1n such difference.

For example, any difference in images may be identified by
monitoring graphics commands 208 associated with a graph-
ics processor. Such graphics commands 208 may include
render commands, writes to the graphics memory 202, and/or
any other graphics commands 208 that access the graphics
memory 202 and have at least the potential of affecting graph-
ics memory 202.

Still yet, 1n additional embodiments, the foregoing differ-
ence may be identified by monitoring CPU commands 210
associated with the CPU/system 206. Similar to the graphics
commands 208, the CPU commands 210 may include any
writes to the graphics memory 202, and/or any other CPU
commands 210 that access the graphics memory 202 and have
at least the potential of affecting graphics memory 202.

While not shown, any difference in 1mages may also be
identified by monitoring commands that affect a cursor. In
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one embodiment, such cursor may refer to a hardware cursor
that results from manipulation of an input device (e.g. mouse,
keyboard, etc.). Any change 1n such cursor (e.g. in movement,
s1ze, etc.) may thus result 1n a difference in 1mages being
displayed.

As an option, the aforementioned monitoring of various
commands that access the graphics memory 202 may be
limited to only those that affect portions of the graphics
memory 202 that are currently being displayed. To this end,
only accesses that have the potential of resulting 1n 1image
differences are monitored, for optimal monitoring efficiency.
While the foregoing techniques have been set forth as
examples of ways to 1dentily differences 1n 1mages (so that a
refresh rate may be adjusted accordingly), it should be noted
that others are contemplated. Just by way of example, com-
mands from other unillustrated system components may also
be monitored, etc.

FIG. 3 shows a method 300 for display refresh rate adjust-
ment, 1n accordance with another embodiment. As an option,
the method 300 may be carried 1n the context of the architec-
ture and/or functionality of the previous figures. Of course,
however, the method 300 may be used 1n any desired envi-
ronment. Again, the aforementioned definitions may equally
apply to the description below.

As shown, the present method 300 1s dynamic 1n nature.
Specifically, the method 300 operates at a default refresh rate.
See operation 302. Such operation continues until at least one
aspect of content display 1s identified which warrants a lower
refresh rate (and thus lower power consumption). See deci-
sion 304.

I1 such an aspect 1s identified per decision 304, the display
may be driven at the lower refresh rate for power savings. See
operation 306. Further, operation 306 may continue until the
lower refresh rate 1s no longer warranted per decision 308.
Specifically, a state of each of the different aspects that are
capable of prompting operation 306 may be reviewed to
determine whether they still warrant such lower refresh rate.
At any time that such determination 1s made, operation may
return to the default refresh rate 1n operation 302. Of course,
the one or more aspect(s) that prompted operation 306 per
decision 304 may (but need not necessarily) be that which
prompted a return to operation 302 per decision 308.

While a two-level framework 1s set forth in the present
example of FIG. 3, 1t should be noted that the dynamic adjust-
ment may mvolve multiple (and possibly incremental) levels
that vary as a function of different aspects. Incremental
changes may also be mandated by the capabilities of various
displays. Further, a look-up table or any algorithm may be
utilized to identify the appropriate lowered refresh rate in
view ol each possible combination of different aspects.

FIG. 4 shows a method 400 for skipping the display of
images, 1n accordance with another embodiment. As an
option, the method 400 may be carried 1n the context of the
architecture and/or functionality of the previous figures and
specifically supplement the refresh rate adjustment tech-
nique. Of course, however, the method 400 may be used 1n
any desired environment (e.g. without the refresh rate adjust-
ment techniques mentioned above, etc.). Again, the afore-
mentioned definitions may equally apply to the description
below.

As shown, a frame (e.g. 1mage) may be received 1n opera-
tion 402, after which 1t may be determined whether a difier-
ence exists with respect to the previous frame. See decision
404. Of course, such difference may be identified 1n any
desired manner. Note, for example, the techniques discussed
hereinabove during reference to FIG. 2. While the decision
404 1s shown to be prompted by any difference in the frames,
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it should be noted such decision may be prompted by any
other aspect associated with the display of content, as dis-
cussed above.

If and only it such difference exists per decision 404, the
display 1s refreshed with the frame. See operation 406. To this
end, the display of a frame may be conditionally skipped
when appropriate, for power saving purposes. In various
embodiments, the display 1tself may be configured to support
such conditional frame skipping.

Similar to the embodiments of previous figures, the
present, method 400 may be configured to support a given
display persistence capacity. For example, a limit may be
configured to ensure that only a predetermined number of
frames may be consecutively skipped. Further, in addition to
the power savings mentioned above with respect to previous
embodiments, an I/O subsystem associated with the display
may even be optionally disabled when a frame 1s skipped,
thus affording additional time savings.

FIG. 5 illustrates an exemplary system 500 in which the
various architecture and/or functionality of the previous
embodiments may be implemented, in accordance with one
embodiment. Of course, however, the system 500 may be
implemented 1n any desired environment.

As shown, a system 300 1s provided including at least one
CPU 3501 which 1s connected to a communication bus 502.
The system 500 also includes main memory 504 [e.g. random
access memory (RAM), etc.]. The system 500 also includes a
graphics processor 506 and a display 508 which may take any
form 1ncluding, but not limited to those set forth during ret-
erence to FIG. 1. In one embodiment, the graphics processor
606 may include a plurality of shader modules, a rasterization
module, etc. Each of the foregoing modules may even be
situated on a single semiconductor platiorm to form a graph-
ics processing unit (GPU).

In the present description, a single semiconductor platform
may refer to a sole unitary semiconductor-based integrated
circuit or chip. It should be noted that the term single semi-
conductor platform may also refer to multi-chip modules with
increased connectivity which simulate on-chip operation, and
make substantial improvements over utilizing a conventional
central processing unit (CPU) and bus implementation. Of
course, the various modules may also be situated separately
or 1n various combinations of semiconductor platforms per
the desires of the user.

The system 500 may also include a secondary storage 510.
The secondary storage 510 includes, for example, a hard disk
drive and/or a removable storage drive, representing a floppy
disk drive, a magnetic tape drive, a compact disk drive, etc.
The removable storage drive reads from and/or writes to a
removable storage unit 1n a well known manner.

Computer programs, or computer control logic algorithms,
may be stored 1n the main memory 504 and/or the secondary
storage 310. Such computer programs, when executed,
cnable the system 500 to perform various functions. Memory
504, storage 510 and/or any other storage are possible
examples of computer-readable media.

In one embodiment, the architecture and/or functionality
of the various previous figures may be implemented in the
context of the CPU 501, graphics processor 506, a chipset (1.¢.
a group of mtegrated circuits designed to work and sold as a
unit for performing related functions, etc.), and/or any other
integrated circuit for that matter.

Still yet, the architecture and/or functionality of the various
previous figures may be implemented in the context of a
general computer system, a circuit board system, a game
console system dedicated for entertainment purposes, an
application-specific system, a mobile system, and/or any
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other desired system, for that matter. Just by way of example,
the system may include a desktop computer, lap-top com-
puter, hand-held computer, mobile phone, personal digital
assistant (PDA), peripheral (e.g. printer, etc.), any component
of a computer, and/or any other type of logic.

While various embodiments have been described above, 1t
should be understood that they have been presented by way of
example only, and not limitation. Thus, the breadth and scope
of a preferred embodiment should not be limited by any of the
above-described exemplary embodiments, but should be
defined only 1n accordance with the following claims and
their equivalents.

What 1s claimed 1s:

1. A method, comprising:

identifying a difference between a first image of content

and a second 1mage of the content by:
identifying a subset of data 1n a frame builer that is
currently being displayed by a display device, and
monitoring only write commands from at least one first
processor to the subset of data in the frame butfer that
1s currently being displayed by the display device; and
dynamically adjusting a refresh rate of the display device
utilized for the display of the content, based on the
difference identified by momitoring only the write com-
mands to the subset of data in the frame builer that 1s
currently being displayed by the display device, utilizing,
a second processor.

2. The method of claim 1, wherein the refresh rate of the
display device 1s adjusted 1f the difference 1s less than a
predetermined amount.

3. The method of claim 1, wherein the refresh rate of the
display device 1s lowered 1f the difference 1s less than a
predetermined amount.

4. The method of claim 3, wherein the refresh rate of the
display device 1s lowered 11 there 1s no difference between the
first image of the content and the second image of the content.

5. The method of claim 1, wherein the write commands are
associated with a graphics processor.

6. The method of claim 1, wherein the write commands are
associated with a central processing unit.

7. The method of claim 1, wherein the write commands
alfect a cursor.

8. The method of claim 1, wherein the 1dentified difference
includes a difference 1n a pixel during the display of the first
image and the second 1mage.

9. The method of claim 1, wherein the refresh rate of the
display device 1s adjusted to a lower frequency.

10. The method of claim 1, wherein the display device
includes a liquid crystal display.

11. The method of claim 1, wherein a horizontal blanking
period of the display 1s augmented based on the difference
between the first image and the second image of the content.

12. The method of claim 1, wherein a look-up table 1s
utilized to i1dentity an appropnate refresh rate in view of the
difference between the first image of the content and the
second 1mage of the content.

13. The method of claim 1, wherein only the write com-
mands from the processor to the subset of data 1n the frame
builer that 1s currently being displayed are monitored such
that only accesses of the frame buffer having a potential of
resulting 1n the difference between the first image of the
content and the second 1image of the content are monitored.

14. The method of claim 1, wherein the monitored write
commands to the subset of data in the frame buifer that is
currently being displayed by the display device are central
processing unit commands from a central processing unit.

[




US 8,654,132 B2

7

15. The method of claim 1, wherein the monitored write
commands to the subset of data 1n the frame buifer that 1s
currently being displayed by the display device are graphics
processing unit commands from a graphics processing unit.

16. A computer program product embodied on a non-tran-

sitory computer readable medium, comprising executable
instructions to cause a computer to perform the actions of:

identifying a difference between a first image ol content
and a second 1image of the content by:

identifying a subset of data in a frame builer that i1s
currently being displayed by a display device, and

monitoring only write commands from at least one pro-
cessor to the subset of data in the frame butler that 1s
currently being displayed by the display device; and

dynamically adjusting a refresh rate of the display device
utilized for the display of the content, based on the
difference 1dentified by momitoring only the write com-
mands to the subset of data in the frame buffer that is
currently being displayed by the display device.
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17. A system, comprising:
a first processor for:
identifying a difference between a first image of content
and a second 1mage of the content by:
identifying a subset of data 1n a frame buifer that 1s
currently being displayed by a display device, and
monitoring only write commands from at least one
second processor to the subset of data 1n the frame
butfer that 1s currently being displayed by the dis-
play device; and
dynamically adjusting a refresh rate of the display
device utilized for the display of the content, based on
the difference 1dentified by monitoring only the write
commands to the subset of data 1n the frame buffer
that is currently being displayed by the display device.
18. The system as recited in claim 17, whereimn the first

processor mcludes a graphics processor.

19. The system as recited 1n claim 18, wherein the graphics

processor 1s 1n communication with a central processing unit
via a bus.
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